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Developmental Biology SelectIn this issue, we present Developmental Biology Select in which we discuss recent papers that unravel the parts
played by morphogens in diverse processes including stem cell maintenance and cellular differentiation. The
new studies suggest that in stem cells, global regulators of transcription and RNA stability could work in parallel
with morphogens to control self renewal and differentiation. In addition, two recent screens, one examining
miRNA expression and the other using RNAi, identify factors that impact morphogen expression and down-
stream signaling events.
Stem Cells, Chromatin Remodeling, and BMPs
Morphogens, such as hedgehog and bone morphogenetic proteins (BMPs), promote the self renewal of germline
stem cells in the Drosophila ovary. Recent work by Xi and Xie (2005) shows that a chromatin remodeling factor, im-
itation SWI (ISWI), is required for germline stem cells to respond appropriately to BMPs. ISWI promotes nucleosomal
sliding (the repositioning of nucleosomes without dissociation from the DNA) and is involved in transcriptional reg-
ulation. Germline stem cells of the fly ovary that lack ISWI are rapidly lost because of a failure to repress differenti-
ation. In defining the mechanism for the loss of germline stem cells, Xi and Xie (2005) show that the transcriptional
response to BMPs is altered in iswimutant germline stem cells. For example, transcription of Daughters against dpp
(Dad) was frequentlymisregulated in themutant germline stem cells compared to their wild-type counterparts. More-
over, transcription of a gene that promotes differentiation, called bag of marbles (bam), is often upregulated in the
mutant germline stem cells, whereas bam expression is tightly regulated in the wild-type germline. Because BMP
signal transduction is apparently normal in germline stem cells that lack ISWI, it seems that ISWI may work in parallel
with BMP signaling andmay control the transcriptional landscape upon which BMP acts. In contrast, loss ofDomino
(Dom), a chromatin remodeling factor that promotes exchange of phosphorylated histone proteins with their unmod-
ified counterparts, had no detectable effect on germline stem cells. Instead, the self renewal of somatic stem cells in
the ovary, which give rise to the follicle cells that surround the oocyte, was disrupted inDom fly mutants. This finding
implies that there are different mechanisms by which global transcription is regulated in somatic versus germline
stem cell populations of the fly ovary. As these chromatin remodeling factors are highly conserved evolutionarily,
it will be interesting to determine whether vertebrate homologs of Dom and ISWI have similar functions in vertebrate
stem cells. It is also not known whether the response of germline and somatic ovarian stem cells of the fly to other
morphogens, such as hedgehog, is also disrupted by loss of chromatin remodeling factors.
R. Xi and T. Xie (2005). Science 310, 1487–1489.
BMPs Promote the Self Renewal of Somatic Stem Cells
In a related paper, Xie and colleagues (Kirilly et al., 2005) show that BMP signaling is needed for the self renewal of
the somatic stem cells of the fly ovary. They find that those stem cells lacking components of the BMP signaling path-
way have a shorter life span than wild-type somatic stem cells. Although both germline and somatic stem cells re-
quire BMPs for stem cell maintenance, the two populations of stem cells do not respond to BMPs in the same way,
perhaps in part due to differences in chromatin structure. It remains to be seen whether such putative differences in
chromatin structure reflect the differentiation potential or specific self-renewal requirements of each type of stem
cell. Also to be tested is whether ovarian somatic stem cells need the chromatin remodeling factor Domino in order
to respond appropriately to BMPs in the same way that germline stem cells require ISWI.
D. Kirilly et al. (2005). Dev. Cell 9, 651–662.
PIWI Power
Planarians are freshwater, free-living flatworms that have an astonish-
ing capacity for regeneration. Even small pieces of excised tissue can
regenerate the entire worm. Reddien et al. (2005) now show that
a member of the Argonaute/PIWI family of proteins—which bind to
single-stranded miRNAs and siRNAs and are crucial for RNA silenc-
ing—is necessary for regeneration in the planarianSchmidteamediter-
ranea. This protein, SMEDWI-2, is expressed primarily in regions pop-
ulated by planarian stem cells, called neoblasts, which are able to
replace aging cells and to repair wounds. When neoblasts are elimi-
nated by irradiation, the expression of SMEDWI-2 is lost. The authors
show that inhibiting SMEDWI-2 by RNA interference (RNAi) abrogates
regeneration and suggest that the defect lies with the abnormal differ-
entiation of neoblast progeny. However, given that neoblasts are de-
pleted at later stages following inhibition of SMEDWI-2, this protein
may also be important in stem cell self renewal.
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Future studies aimed at identifyingmRNAs that are regulated by SMEDWI-2 and the interaction of SMEDWI-2 with
other factors that regulate stem cells including morphogens may provide exciting insights into the regenerative po-
tential of planarians. InDrosophila, PIWImaywork in parallel with hedgehog signaling to promote themaintenance of
germline stem cells. PIWI may primarily govern the Drosophila stem cell niche and the signals that it provides in sup-
port of stem cells, whereas in planarians PIWI seems to directly affect neoblast stem cells. The ability to distinguish
between niche-derived signals and stem cell-intrinsic factors in planarians may be accelerated once neoblasts can
be cultured in vitro.
P. Reddien et al. (2005). Science 310, 1327–1330.
An miRNA Keeps a Leash on Sonic Hedgehog
In the developing forelimb of the mouse embryo, retinoic acid induces expression of the transcription factor Hoxb8.
Hoxb8 is necessary for sonic hedgehog expression, which determines the anterioposterior polarity of the limbs and
controls the shaping of the digits. Unlike the forelimbs, the hindlimbs cannot be induced to express more sonic
hedgehog by treatment with ectopic retinoic acid, suggesting the presence of an inhibitory factor. Tabin and col-
leagues (Hornstein et al., 2005) demonstrate that an miRNA called miR-196, which is known to target Hoxb8
mRNA, blocks Hoxb8 expression in the mouse embryo hindlimb. In mouse embryos lacking the miRNA processing
enzyme Dicer, ectopic retinoic acid treatment induces hindlimb expression of Hoxb8. By comparing miRNA expres-
sion in the developing limbs using microarrays, Hornstein et al. (2005) show that miR-196 is 20-fold more enriched in
the hindlimb than in the forelimb. In support of their model, a virus that misexpresses miR-196 decreases both en-
dogenous expression of sonic hedgehog in the forelimb and the Hoxb8 expression that is induced by retinoic acid.
Hoxb8 is not, however, upregulated in the Dicer mutant, suggesting that miR-196 is not the primary mechanism by
which Hoxb8 expression is restricted in the forelimb. Instead, miR-196 is part of a safety mechanism that increases
the fidelity of the restricted pattern of Hoxb8 expression. Given that miR-196 is predicted to switch off many target
genes, it may have other effects in limb development besides regulatingHox gene expression. Importantly, this study
highlights the benefits of comparing miRNA expression patterns among different tissues and developmental stages
as a way to analyze the function of specific miRNAs.
E. Hornstein et al. (2005). Nature 438, 671–674.
RNAi Unearths New Parts of the Hedgehog Pathway
Perrimon and coworkers (Nybakken et al., 2005) have conducted a genomewide RNAi screen for new components
of the hedgehog signaling pathway using a double-stranded RNA (dsRNA) library from Drosophila. In their initial
screen, the authors measured the induction in cultured Drosophila cells of a luciferase reporter construct containing
a fragment of the promoter for the patched gene, which encodes the receptor for hedgehog. From an initial screen of
over 20,000 dsRNAs, 255 of the positive hits were refined to 96 in a second set of assays. This system successfully
identified many known components of the hedgehog signaling pathway, including smoothened, Cubitus interruptus
(Ci), and the kinesin-like protein Costal. Surprisingly, RNA splicing factors were also highly represented in the final
group including the RNA splicing factor crooked neck, a key player in morphogenesis that had not been linked pre-
viously to the hedgehog pathway. Nybakken et al. (2005) confirm that siRNA against the mouse homolog of crooked
neck, Crnkl1, decreases sonic hedgehog signaling in vertebrates, suggesting that its involvement in morphogenesis
may be conserved from flies to mammals. The screen also identified a kinase, Pitslre, that is known to phosphorylate
members of the SR splicing factor family. The study also reveals a potential role for the phosphatase PP2A in hedge-
hog signaling. Although neither the targets of these splicing factors nor the relevant substrates of PP2A are known,
the screen opens up new and unexpected territory to explore in hedgehog signaling.
K. Nybakken et al. (2005). Nature Genetics 37, 1323–1332.
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